Background: Outcomes in aesthetic breast surgery are dependent on preoperative breast measurements. The accuracy of 3-dimensional (3D) imaging in measuring critical landmarks in augmentation mammaplasty surgery has not been described. Objectives: We aimed to determine the predictability of 3D imaging compared to direct measurements. Methods: Two raters measured the breasts of 28 women using four anthropometric (direct) measurements: sternal notch to nipple distance (Sn-N), nipple to midline (N-M), nipple to inframammary-fold distance under maximal stretch (N-IMF), and base width (BW). Measurements (indirect) were also obtained using 3D imaging. Statistical analysis was completed with Bland-Altman plots. Results: Each rater collected 56 data points for each of the four measurements. This resulted in 224 data points per rater. The Sn-N measurement had a 0.05 cm (SD, 0.65) difference in the mean values obtained between direct and indirect measurements. N-M had a mean difference of 0.20 cm (SD, 0.62). The mean difference for BW was 1.26 cm (SD, 0.69 cm), and N-IMF showed a mean difference of 1.22 cm (SD, 0.74 cm). Three-dimensional imaging overestimated Sn-N, N-M, and BW, while it underestimated N-IMF. Conclusions: Three-dimensional imaging has good utility and is most accurate for Sn-N and N-M measurements, which require frontal imaging of a standing patient. BW and N-IMF are less accurate due to obscured landmarks on frontal imaging. The medial and lateral aspects of the breast may be obscured when measuring BW on 3D imaging, which may explain this difference. N-IMF is a dynamic measurement, and as a result, 3D imaging has limited ability to measure this distance accurately.
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Quantitative assessment of breast shape and volume are required for planning and obtaining a pleasing aesthetic result in breast augmentation surgery. [1] [2] [3] [4] With dimensional planning in breast surgery, implant selection is based on the patient's tissue characteristics and breast measurements. Dimensional planning accounts for the quality and quantity of breast tissue and skin envelope. Proper breast measurements are essential for dimensional planning; the accuracy of these measurements is crucial.
Many quantitative measurements have been introduced to improve preoperative planning and reduce the risk of reoperation. 2, 3, 5, 6 Quantitative assessment of the breast may be performed with direct anthropomorphic measurements, photographic analysis, magnetic resonance imaging, and mammography. 7 Three-dimensional imaging devices are capable of capturing and constructing topographic surface maps using quantitative data. 7 Reproducible 3-dimensional photographic systems attempt to create accurate preoperative measures. 8 The creation of a virtual 3-dimensional model of the breast region allows plastic surgeons to quantitatively evaluate symmetry, volume, shape, contour, surface, and distance measurements. 9, 10 Other studies 11, 12 have shown the utility of 3-dimensional imaging in simulating postoperative volumes. Three-dimensional imaging systems have been used by plastic surgeons for planning and evaluating breast augmentation, facial aesthetic and reconstructive surgery, as well as volumetric measurements before and after liposuction and lipofilling. 8, 13, 14 In addition to preoperative planning, 3-dimensional imaging improves patient communication and our understanding of patient expectations. 8, 15 Measurements used for the quantitative evaluation of the breast should be both reliable and accurate. Reliability describes the consistency of values measured. 16 Accuracy describes how well the values measured reflect the true value, but no actual gold standard exists to define accurate breast measurements. The term accuracy is also used to indicate the closeness of agreement in a particular variable between two assessment methods. An assessment method, or an instrument, cannot be considered accurate unless the measurements of a particular variable by two methods agree closely with one another across multiple individuals. Our group has previously demonstrated the high reliability of static anthropometric breast measurements using direct anthropometry. 17 The objective of this study is to examine the accuracy of breast measurements between two assessment methods: 3-dimensional imaging and direct anthropometric measurement.
METHODS
Ethics approval was obtained from the North York General Hospital Institutional Review Board (REB #130268). A total of 28 women were recruited through advertisement and self-referral. All participants provided informed consent. Advertisement, recruitment, and data collection for the study occurred from June 2014 to December 2014. The study was conducted in accordance with the guidelines set forth in the Declaration of Helsinki. The study population criteria were devised to simulate a group of patients requesting primary breast augmentation. Inclusion criteria consisted of women between 18 and 45 years of age with a self-reported breast size of A or B cup. Exclusion criteria included obesity (body mass index [BMI] > 30), previous breast surgery, current pregnancy or lactation in the past 12 months, and pseudoptosis. Patients were required to complete a questionnaire for collection of patient demographic information. Patients were financially compensated for their participation.
Two raters (M.B. and B.B.) performed all measurements in this study. Both raters were senior plastic surgeons who have each been in practice for 10 and 20 years with a breast-focused practice, evaluating over 300 breast patients per year. The raters have substantial experience with breast measurement techniques and Vectra XT 3D Imaging.
Raters were given a standard measuring tape and a caliper, and each rater measured all participants. Four direct anthropometric measurements were obtained for each participant with a standardized technique: sternal notch to nipple distance (Sn-N), nipple to midline (N-M), nipple to inframammary-fold distance under maximal stretch (N-IMF), and breast base width (BW) 3 ( Figure 1 ). After completion of the direct measurements, each participant had a 3-dimensional 17 image taken using Vectra XT 3D Imaging System (Canfield Scientific, Fairfield, NJ). On a separate day, each rater used the software to measure indirect anthropometric measurements of the 3-dimensional image of the same participants in a different order to prevent bias. The raters were able to alter the view of the 3-dimensional (3D) image and place the appropriate landmarks to determine the indirect measurements of Sn-N, N-M, N-IMF, and BW ( Figure 2 ). Software automated landmarking was not used to optimize utility of both the 3D image and the surgeons' clinical expertise.
Raters were blinded to the participants' personal clinical information and demographics. Although the raters were aware that their measurements were being analyzed for accuracy, they were blinded to the measurements of the other rater and to the 3D imaging results. Each rater performed and recorded their measurements independently. All measurements from both raters were pooled to obtain a single data set for analysis. High inter-and intrarater reliability for direct measurements of Sn-N, N-M, N-IMF, and BW has been previously documented for the raters in this present study. 17 Bland-Altman plots 18, 19 were employed to determine the agreement between two methods of clinical measurement, namely direct anthropometry and indirect anthropometry using 3D imaging. This approach necessitates creation of a scatter plot demonstrating the differences between two measures (on the y-axis) and the average of the measurement values (on the x-axis). This "difference" scatter plot demonstrates the differences in the values obtained using two instruments, as well as any relationship between the differences and the magnitude of the measurement. The average difference between the measures (defined as bias) is calculated and the limits of agreement (LOA) around the bias are determined. The LOA represents the mean ± 1.96 SD of the differences between the methods. The LOA should encompass 95% of all measured values.
RESULTS
A total of 28 participants were recruited for this study. All participants met the inclusion criteria and no patients were excluded. The mean age of the participants was 23.1 years (range, 18-35 years) with a mean BMI of 20.7 kg/m 2 (range, 18.3-26.6 kg/m 2 ). All females were nulliparous and had an A-or B-cup breast size.
For each breast measurement, the values obtained by the two methods of assessment were compared. For each of the Sn-N, N-M, BW, and N-IMF categories, the mean, the range, and the bias of the measurements were calculated ( Table 1 ). The bias is defined as the average difference between the methods of measurement. When two The N-IMF measurements showed a bias of 1.22 cm. The N-IMF Vectra measurements underestimated the value of the N-IMF compared to direct anthropometric measurements. The variation in values ranged from −0.23 cm to +2.66 cm ( Figure 6 ).
There was a no significant trend when considering breast size for any of the four measurements. In other words, smaller breast size did not have statistically significant association with decreased bias or LOA for any of the measurements. Please see Appendix A (available online as Supplementary Material at www.aestheticsurgeryjournal. com) for complete results.
DISCUSSION
Three-dimensional imaging has been widely used in breast surgery to educate, communicate, and plan procedures including primary breast augmentation, tuberous breast surgery, breast reconstruction, and surgery to correct breast and chest wall asymmetries. 7 This present study sought to determine how useful 3D imaging is for obtaining breast measurements to plan and prepare for surgery. The Sn-N and N-M are straightforward to obtain on frontal imaging in a standing position, which likely accounts for the high levels of agreement between the two methods of measurement. No repositioning of the patient is required, and only a single frontal image is needed to obtain accurate measurements.
The BW measurement values had an average difference of 1.26 cm between the direct measurements and the indirect measurements. Indirect measurement overestimated BW. This measurement is used routinely in biodimensional planning to estimate the volume of the desired implant. 3 Ideally the selected implant should not exceed the BW of the patient's existing parenchyma to prevent inadequate soft-tissue coverage. Exceeding this measurement risks implant edge visibility, palpability, implant malposition, and long-term traction rippling. 3 Conversely, BW underestimation may result in a narrow looking breast which inadequately fills the tissue envelope. Consequently, the breast may have inadequate superior and medial volume. This overestimation of BW may be secondary to the medial and lateral aspect of the breast being obscured on the monitor or indistinct. 20 As a result, the BW indirect measurements rely on the use of shadows to place measurements instead of concrete anatomical landmarks. As stated by Epstein, the software requires that the breast borders are properly defined. 20 Based on this present study, breast borders are not sufficiently delineated to allow for an accurate measurement of BW using indirect measurements for patients with a breast size of A or B cup.
The N-IMF measurement values had a difference of 1.22 cm between the two methods of measurement with 3D imaging underestimating the value. In the direct measurement of N-IMF, the tissue is placed on maximal stretch. As this is a dynamic measurement, it is not surprising that 3D imaging had difficulty replicating this measure. The maximal stretch applied in direct measurement is not applied when using the Vectra XT 3D Imaging software. This dynamic measurement must be measured statically when using 3D imaging. As a result, the rater must attempt to measure the contour between the nipple and inframammary fold of the breast on an oblique view with 3D imaging. Furthermore, breast parenchyma overlying the IMF may impede precise placement of this anatomic mark in a 3D image. The surgeon can deduce the approximate location of the IMF by manipulating the view of the image but cannot remove the obstructing breast tissue. This difference in the method of obtaining measurements would cause an apparent difference between the direct and indirect measurements, as evidenced by the comparatively larger bias.
The potential relevance of this discrepancy is significant. The N-IMF distance is key in biodimensional planning as it may affect the postoperative distribution of volume both superior and inferior to the nipple. Underestimating the true N-IMF value may result in excess volume distribution inferior to the nipple and inadequate volume distribution superior to the nipple. This may occur through excessive lowering of the IMF, inadequate implant selection, or inappropriate selection of a dual plane release, all as a result of underestimation of the actual N-IMF distance. Conversely, overestimation of N-IMF may cause excessive volume distribution superior to the nipple and inadequate volume distribution inferior to the nipple. This results from failure to lower the IMF, incorrect selection of implant size, or improper pocket selection.
Proponents of 3D imaging should be aware of the differences in measurements that may be obtained, especially when considering BW and N-IMF. A statistically significant difference of >1 cm between measurement methods does not necessarily imply a clinically significant difference. However, given the importance of tissue-based planning for predicting patient outcomes, a 1 cm difference is clinically relevant as it may alter implant selection and surgical planning. Ultimately, the authors advocate that patients benefit from both direct static breast measurements, which have been shown to have good intra-and interrater reliability amongst experienced surgeons, 17 and indirect measurements. Three-dimensional imaging aids in the consultation process through enhancing communication, setting expectations, and improving trust. 15 Certain measurements, namely BW and N-IMF, are not accurately measured using 3D software, as compared to direct measurements. This disagreement between measurement methods may be rectified by software modifications to improve the delineation of breast borders. We are hopeful that continued improvements in the software could further increase the utility of this tool through refining agreement with direct measurements, yielding a software that further enhances communication in the modern era.
A strength of this study is that the direct measurements and digital image for the 3D measurements were all completed on the same day, thus reducing any physiologic fluctuations in breast size. After a 24-hour time lapse of directly measuring the patients, raters performed indirect measurements on the digital image. With the time between measurement methods, raters likely did not recall the measurement values obtained previously and a memory bias is minimized. A larger number of data points were obtained for analysis of agreement. As the study was designed to assess individual measurements on a given breast, breasts were considered independent allowing for two sets of measurement points per patient. The direct and indirect measurements were compared for each individual breast as proper measurements must be obtained for each breast in preoperative planning. In a previous study by our group, we demonstrated excellent interrater reliability and intrarater reliability for Sn-N, N-M, and BW. The interrater reliability was good for N-IMF and the intrarater reliability of N-IMF varied based on seniority of rater, with increasing experience correlating with increasing reliability. For assessing the agreement between two methods of measurement, we used only measurements with proven reliability obtained by senior experienced raters. 17 In a comparison of measurements obtained manually and by four-dimensional breast imaging software, Creasman and colleagues 21 reported a 91% correlation in measurement values. With four-dimensional breast imaging, the software automatically selects the anatomical landmarks and does not require input from the surgeon to define the landmarks. This software with the addition of automated landmarks differs from our present study by its addition of automation (fourth dimension) and its choice of statistical evaluation, the Pearson correlation coefficient. Although good correlation was found using this valid statistical method, it is important to recognize that correlation simply describes the relationship between the two measurements, but not their agreement. An advantage of the Bland-Altman approach, compared to calculation of correlations, is the ability to quantify the amount of agreement between two quantitative measurements. 18 Therefore, the Bland-Altman plots utilized in our study are a more meaningful, clinically useful tool in quantifying the differences of agreement in preoperative breast measurements.
These data must be interpreted within the context of the study design. There is no true gold standard for obtaining breast measurements, and no guidelines to define the acceptable limits of agreement to consider a method as valid. As a standard in this study, experienced breast surgeons used direct measurements previously shown to have high reliability. 17 This study design aimed to minimize error in direct measurement and allow for a true comparison of measurement methods. However, it is not feasible to eliminate all sources of error. Agreement between the two methods is statistically determined by the differences in measurement values. Clinical relevance of these differences in measurement is based on subjective opinion. Therefore, the decision to accept the new instrument as valid is based on the measurement error considered acceptable by the surgeon. Future studies to improve the software may include premarking landmarks on patients prior to capturing 3D images.
CONCLUSIONS
Three-dimensional imaging has good utility when used for preoperative planning in breast surgery. This study shows an acceptable mean difference between direct and indirect measurements. The imaging tool is most accurate for Sn-N and N-M measurements, which require simple frontal imaging of a standing patient. BW and N-IMF are less accurate due to the obscured landmarks required for accurate assessment and the dynamic nature of the N-IMF measurement. Three-dimensional imaging is an important technology in breast surgery. A better appreciation of factors that can affect measurement accuracy will lead to modifications in technology that will improve both its reliability and validity as a tool for planning, communication, and education.
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